Several years ago, Robison and Robison (5) reported the synthesis of some compounds of biological interest. Among these were 7-aza-indole-3-acetic acid (AIAA) and 7-aza-indole-3-propionic acid (AIPA), aza analogues of indole-3-acetic acid (IAA) , and indole-3-propionic acid (IPA). It was apparent that such compounds might be anti-metabolites of auxin, in the same manner that azaguanine has proved to be an inhibitor in guanine metabolism (2) . For this reason, studies were begun of the effect of these compounds on normal and crown gall tissues of Parthenocissus. Although preliminary results indicated that these compounds might, indeed, be inhibitors, further study showed that they actually stimulated growth at certain concentrations (6) . After initiating this study, Thimann (8) reported on the auxin activity of AIAA in Avena and Pisum; however, he did not report on the activity of AIPA. Since our results with regard to AIAA were in general agreement with Thimann's, it seemed even more appropriate to investigate the new compound, AIPA, and to extend the findings with AIAA to other plant tissues. Furthermore, this seemed especially desirable, since these compounds showed promise of being helpful in investigating the difference between normal and tumor tissues of Parthenocissus.
One of the characteristics of the crown gall tissue is its ability to grow in culture in the absence of an exogenous auxin supply. The normal tissue must have auxin in the medium for growth. This difference in the two types of tissue has been the object of investigation for the last 10 years, and the possibilities for speculation have been narrowed. Several investigators have ruled out the possibility that the crown gall grows without auxin altogether (3, 4) . Therefore, the only remaining possibilities are that the auxin is produced more rapidly in the crown gall, that it is destroyed less rapidly, or that the tumor has a much lower auxin requirement. Recently, Lipetz, and Galston (4) have shown that IAA oxidase can be obtained from the medium on which crown 'Received revised manuscript May 19, 1961. gall tissues are grown. Since this was not the case with the normal tissue, the fact suggested that the capacity of the crown gall to destroy auxin was higher than the normal and that the difference in the two tissues resulted from a higher auxin production in the tumor. However, the level of peroxidase was high in the normal tissue, and since this enzyme seems to be an essential part of the IAA oxidase system, the authors suggest that the oxidase activity in the intact normal cells may be quite high.
The fact that it was possible to obtain inhibition of the growth of tumor tissue with the aza analogue of IPA suggested that it might be acting to block either the synthesis of auxin or its destruction. Therefore the investigation of the effects of the aza compounds was extended to their action on IAA oxidase from tumor tissue.
MATERIALS & METHODS
Tissues derived from normal stems of Parthienocissuts tricuspidata (Sied, & Zucc.) Planch. and bacteria-free crown gall tissues of this species were grown on White's medium (10) To determine the nature of the action of AIPA, a series of experiments was done in which tissue was grown in the presence of both IPA and AIPA. In table II are the results of these studies. It can be seen that 0.5 y/ml of AIPA is sufficient to inhibit the division of cells in normal tissue cultures, and at this concentration, essentially stops the growth of the tissue. Since there is no increase in the inhibition when IPA is added to the AIPA, it appears that we are not dealing with two forms of the same auxin which act together through the same path. In fact, the data indicate that inhibition of growth by high concentrations of AIPA is reversed by adding IPA. Therefore, it would appear that the AIPA is acting as a competitive inhibitor of some phase of IPA metabolism. However, there is no evidence that IPA is ever found in normal tissues, and thus the inhibition by AIPA when used alone cannot reasonably be attributed to an antagonistic action on IPA. Furthermore, the synergistic action of AIPA and IPA, which is especially evident in cell number, at the highest concentrations, precludes any such simple explanation of the mode of action.
It seemed advisable to extend the data on the effects of combined IPA-AIPA treatments to the tumor tissue ( (table IV) . The AIPA and IPA are not acting together as auxins to give inhibition of growth. The combined treatment supplies 1.5 y/ml of auxin and the growth on this is much less than that on 2 y/ml of IPA. From these data it is clear that AIPA is not acting as a simple auxin or as a competitive inhibitor of IPA metabolism in these tissues. Furthermore, these data indicate that adding IAA to the AIPA-IPA combination greatly increases the inhibition. These findings suggest that the combination is producing its effect by protecting IAA from destruction and, therefore, allowving the tumor tissue to accumulate excessive amounts of auxin.
(In additioni to the above table III provides information about the intrinsic variability in the growth of tissues by this method. In these experiments, each piece of tissue was weighed before inoculation and at harvest. Each number is a mean value for ten pieces of tissue, with the standard error of this mean. It is obvious that the variation in the initial weights is not great. The variation in the final weights is slightly greater, indicating a somewhat uneven growth of the cultures. However, the variation is never sufficient to obscure the differences which result from different experimental conditions.)
Consideration of the preceding data suggested that the action of the AIPA might be upon IAA oxidase.
One couldl explain the apparently anomalous results, if it were assumed that the various compounds other than natural auxin used to grow tissue cultures were not acting as auxin (which is assumed to be supplied by the tissue itself) and were acting to regulate the destruction of auxin by the oxidase system. To check this suggestion, a series of tests was made using IAA oxidase from crown gall tissue and assaying its activity on the IAA substrate, in the presence of the various compoundls of interest (tables V & VI). These data are the average of three trials made with a single preparation of the oxidase, in each 
DISCUSSION
The data presentedl in this paper show that, at certain concentrations, IPA and AIPA are effective growth regulators for Parthenocissus tissue cultures. Since the normal tissue will grow on these compounds in the absence of any other auxin, it is clear that they do not exert their effect through interference with the synthesis of the natural auxin of this tissue.
The data further indicate that neither IPA nor AIPA are auxins (tables I & II). This is hardly surprising as there is no indication that either is made by these tissues under any circumstances. However, when these compounds were incubated with normal and tumor tissue in the presence of IAA, for rather long periods of time, the IAA was protected from destruction. Therefore, it seems likely that the effect of these compounds (and particularly when used in combination) is to limit the activity of the IAA oxidase system in the two tissues. It is clear that there mllust be a rather delicate balance between the production and the 'lestruction of auxin for optimal growth. The oxidase level of the tumor tissue seems to be high (4), since it is readily obtained from the tumor cultures. The auxin production of this tissue must be similarly high, since the tissue shows autonomous growth in culture. Apparently adding the compounds (in combination) inhibits the oxidase and results in an overproduction of auxin by the tumor cells. This is particularly evident in table IV and is in agreement with the suggestion of Wagenknecht and Burris (9) that IPA may inhibit IAA oxidase in certain tissues.
Although the IAA oxidase activity of the normal tissue is considered doubtful (4), we have succeeded in obtaining the oxidase from normal tissue slices extracted with phosphate-acid pthalate buffer. This preparation has low activity. Nevertheless, it seems permissible to suggest that the oxidase of the intact tissue is sufficiently high to destroy most of the auxin produced by the cells. In all probability, the auxin production is low, when compared to tumor cells. Adding the inhibitors to the system removes the oxidase and permits the normal tissue to accumulate its own auxin and grow. Under this hypothesis, it would be indicated that using the inhibitors of IAA oxidase (IPA, AIPA, or the combination) results in the growth of the normal tissue without an exogenous auxin supply. The data even suggest that this may be the case for NAA.
SUM MARY
Cultures of Parthenocissus were grown in the presence of IAA and IPA and of the two aza analogues of these growth substances. The IPA and AIPA proved to be the most satisfactory for obtaining maximal growth, under our conditions of culture. It appears that these compounds exert their control of tissue growth by an inhibition of IAA oxidase. The difference in the response of the normal and tumor tissues to these compounds can be explained most simply on the assumption that the intrinsic difference in the auxin requirement of the two tissues results from a difference in the balance between the auxin production and destruction and not from either of these factors taken singly.
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